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1 Bothrops jararaca venom (BJV) caused a fall in the carotid artery blood pressure of the anaes-

thetized snake. This effect was tachyphylactic and was potentiated by captopril, a kininase II inhibi-
tor; it was partially antagonized by promethazine plus cimetidine and was not affected by atropine.
2 Similar hypotensive effects were obtained by administration of trypsin or a partially purified
BJV kininogenase to the snake.
3 Incubation of Bothrops jararaca plasma (BJP) with trypsin released a substance (or substances)
that produced hypotension in the snake but not in the rat; this hypotensive effect was also poten-
tiated by captopril.
4 The trypsinised plasma contracted Bothrops jararaca isolated uterus, a pharmacological prep-
aration weakly sensitive to bradykinin. Trypsinised plasma was inactive on pigeon oviduct and rat
uterus and displayed a weak action on the guinea-pig ileum. Similar effects were observed with
incubates of a fraction of BJP, containing globulins, with a partially purified BJV kininogenase.
5 Like mammalian kinins, the substance(s) was(were) dialysable, thermostable in acid but not in
alkaline pH, and inactivated by chymotrypsin but not by trypsin. Its(their) inactivation by BJP or
BJP kininase II was inhibited by captopril.
6 These findings strongly suggest that, besides releasing histamine, BJV or trypsin release a kinin-
like substance (or substances) from the snake plasma.
7 Since BJV and other kininogenases active on mammalian plasmas were shown to be unable to
release kinins from BJP, in experiments conducted on pharmacological preparations suitable for the
assay of mammalian kinins, these data also suggest that the snake Bothrops jararaca, like birds, may
have developed its own kallikrein-kinin system.

Introduction

It is well known that the venom of Bothrops jararaca
(Serpentes, Crotalinae) or trypsin decreases blood
pressure of various mammalian species as a conse-
quence of the release of histamine and bradykinin
(Rocha e Silva et al., 1949; Suzuki & Iwanaga, 1970).
However, experiments conducted on pharmaco-
logical preparations suitable for the assay of mam-
malian kinins have shown that Bothrops jararaca
venom, trypsin, and some other kininogenases, active
on mammalian plasmas, were unable to release
kinins from Bothrops jararaca plasma. After treating
this plasma, in order to inhibit or destroy kininases,
no evidence could be found that it contained either
active factor XII (Hageman factor), prekallikrein or
kininogen. Only two components of the kallikrein-
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kinin system were detected in Bothrops jararaca
plasma: kininases and kininogenase inhibitors
(Lavras et al., 1979).

Similarly, avian plasma does not possess factor
XII (Ratnoff, 1979), a factor that is involved in the
activation of the blood clotting, the fibrinolytic, the
C-1 complement and the kallikrein-kinin systems.
However, avian plasma contains all the other com-
ponents of the latter system, since a kinin is released
when avian plasma is shaked with glass beads con-
taining adsorbed mammalian or alligator factor XII
(Erdos et al., 1967; Seki et al., 1973). In addition,
Werle & Hurter (1936), Erdos et al. (1967), Werle &
Leysath (1967) and Seki et al. (1973) reported that a
kinin liberated from chicken plasma by pancreatic
kallikrein of birds (ornitho-kallikrein) was different
from mammalian kinins, in terms of its amino acid
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composition and pharmacological activity. This was
an indication that birds possessed their own
kallikrein-kinin system. Recently, Kimura et al.
(1987) have purified ornitho-kininogen from chicken
plasma and have determined the primary structure
of the kinin liberated from this substrate by bovine
plasma kallikrein as being Arg-Pro-Pro-Gly-Phe-
Thr-Pro-Leu-Arg. This peptide, a little different from
bradykinin, induced a contraction of chicken smooth
muscle and had a strong hypotensive effect in the
chicken, but did not contract the rat isolated uterus.

Therefore, it was thought worthwhile to investi-
gate the possibility of the occurrence of a kallikrein-
kinin system specific for snakes not revealed by
pharmacological preparations responsive to mam-
malian kinins. To verify such a possibility, this work
started with the study of the effects of Bothrops jar-
araca venom or trypsin on the snake's own blood
pressure. Further, the action of the product(s) re-
leased by incubating Bothrops jararaca venom or
trypsin with Bothrops jararaca plasma was then
investigated on the snake's own blood pressure and
on isolated uterus.

Methods

The snakes (Bothrops jararaca, Serpentes, Viperidae,
Crotalinae) (BJ) used in this work were collected
from nature. After a quarantine of at least 15 days,
they were maintained under controlled environ-
mental conditions with a photoperiod of 12 h of light
and 12 h of darkness, at a temperature of 260C and
65% relative humidity.

Bothrops jararaca venom (BJV)

This was a pool of samples of vacuum dried venom
from the Butantan Institute and contained 870pg
protein mg-' of dry powder, presenting a LD50
equal to 2.1-2.5.pg protein g-1 of mouse, injected
intraperitoneally. A fraction (VF) was obtained from
this pool of venom, by 0.60-0.90 ammonium sul-
phate saturation and contained a two-three times
purified kininogenase, active on rat carotid artery
blood pressure.

Bothrops jararaca plasma (BJP)

Blood was collected from decapitated snakes, into
polyethylene tubes containing heparin (10iuml-1 of
blood) or sodium citrate (3.8mgml-' of blood) as
anticoagulant and immediately centrifuged at
8.000 r.p.m., for 30 min at 5-10°C. The resulting
plasma was used fresh or after storage at - 200C.
A fraction GF, containing globulins, was obtained

from this plasma by 0.0-0.5 ammonium sulphate
saturation.

A purified kininase II (ACE), hydrolysing 83.3 pg
bradykinin min-' ml-' was obtained from BJP by
0.60-0.90 ammonium sulphate saturation (Lavras et
al., 1980).

Pigeon plasma (PP)

Blood was collected from decapitated pigeons, into
polyethylene tubes containing sodium citrate
(3.8mgml1 of blood). After centrifugation at
2500 r.p.m., for 15 min at 5-10°C, the plasma
obtained was used fresh or after storage at - 20°C.

Blood pressure recording

The carotid artery blood pressure of adult male rats
(280-300g) and of adult male or female BJ (150-
600 g), anaesthetized with sodium pentobarbitone
(9Omgkg-1, for rats and 30mgkg-1, for snakes),
i.p., was recorded on a smoked drum, with the aid of
a mercury manometer. Administration of drugs was
made through a polyethylene catheter introduced
into the iliac vein of the rats or into the renal vein of
the snakes. As the snake preparations were set up for
well over 60min, standard doses of angiotensin II
(1.5 pgkg-1), bradykinin (300pgkg-1) or histamine
(50pgkg-1) were administered from time to time
and at the end of the experiments, in order to
monitor the sensitivity of the assay system.

Isolated smooth muscle preparations

Smooth muscles isolated from mammals, birds and
snakes were used in the experiments in vitro. The rat
uterus was prepared according to Gaddum &
Hameed (1954) and the guinea-pig ileum as
described by Henriques et al. (1962).
The non-atrophied oviduct of adult pigeons was

removed and immediately suspended in a 10ml
chamber containing Ringer-Locke solution aerated
and maintained at 42°C (Crossley et al., 1980). Con-
tractions were recorded on a smoked drum with the
aid of an isotonic lever having a 6 fold magnification
under a load of 0.5-1.0g.

Pieces of the uterus (3-4cm long) of Bothrops jar-
araca were removed from decapitated and exsangui-
nated snakes (150-300g) and suspended in a lOml
bath containing Ringer solution for snakes
(Beyenback, 1984) at 30°C. Contractions were
recorded under a load of 1.0-1.5 g, as described for
the pigeon oviduct.

Release of active substance(s) by incubation

This was achieved by incubating either the GF frac-
tion of BJP with VF, in the conditions described by
Hamberg & Rocha e Silva (1957) or BJP with
trypsin, according to Diniz & Carvalho (1963). The
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Figure 1 Action of Bothrops jararaca venom (BJV),
bradykinin (BK) and angiotensin I (Al) on the snake's
own carotid artery blood pressure. Female snakes
(170g, above and 140g, below) were anaesthetized with
pentobarbitone (30 mgkg-') i.p. and heparinized
(400iukg-1). Captopril (O.1mgkg-1) was administered
at 70min, between (b) and (c) or (e) and (0. Angiotensin
11 (1.5pgkg-1) produced constant effects throughout
the experiment. Bk (doses in pgkg-1) caused hypo-
tension only after the administration of captopril. This
drug inhibited plasma kininase II or Al-converting
enzyme, since the response to Al (doses in pgkg-1) dis-
appeared following its administration. In such condi-
tions, the hypotension caused by BJV (in mgkg-1) is
prolonged. Sal, 0.9% NaCl solution.

released substance(s) was(were) dried, diluted in 2 ml
of 0.9% NaCl and assayed on BJ carotid artery
blood pressure and rat or BJ uterus. When trypsin
was incubated with BJP, the substance(s) released
was(were) also tested on pigeon oviduct and guinea-
pig ileum.

Pigeon plasma was incubated with trypsin accord-
ing to Diniz & Carvalho (1963) and the released sub-
stance was assayed on pigeon oviduct.

Properties of the released substance(s)

The released substance(s) was(were) submitted to the
following five procedures: (a) dialysis against 0.9%
NaCl, at 4°C, for 24 h; (b) heating in a boiling water
bath either at pH 10-11, for 5 and 10min or at
pH 1.5-2.0, for 30 and 60min (Prado et al., 1956); (c)
incubation with trypsin (110 gml-1) or chymotryp-
sin (37 yg ml- 1) (Prado et al., 1956); (d) incubation at
37°C, for 15 min, with either 0.3 ml of 25 fold diluted
BJP or 0.15 ml ACE and 0.2 or 0.05 ml of 0.05M
Tris-maleate buffer pH 7.4, the reaction being inter-
rupted with boiling Ringer for snakes (1.5 or 0.8 ml
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Figure 2 Effect of histamine antagonists and atropine
upon the hypotension caused by Bothrops jararaca
venom (BJV) on the same species of snake: (a) and (b)
female snake (130g); (c) and (d) male snake (120g).
Same conditions as in Figure 1. Promethazine
(4mgkg-1) and cimetidine (15mgkg-1) were simulta-
neously administered between (a) and (b); atropine
(1 mg kg- l s.c. and 1 mg kg- l i.v.) was injected between
(c) and (d); AI - angiotensin I (doses in pgkg-1).
Responses to angiotensin II (1.5 ig kg 1), were constant
throughout the experiment.
The hypotension caused by BJV (in mgkg-') was

partially blocked by the simultaneous administration of
the histamine (H, in pgkg-1) antagonists. Atropine did
not affect the hypotension caused by the venom, in a
dose that completely blocked acetylcholine (ACh, in
pgkg -).

respectively); (e) experiments similar to those
described in (d) but BJP or ACE previously treated
with captopril (170pgml-' for BJP or 13.5pgmlP
for ACE) was used.

Drugs and reagents

The following drugs and reagents were used: sodium
pentobarbitone, a gift from Abbott Laboratories of
Brazil Ltd.; sodium heparin (Liquemine, Roche
Laboratories, Brazil); promethazine hydrochloride
(Phenergan, Rhodia Laboratories, Brazil); cimetidine
(Tagamet, SKF Enila Ltd., Brazil); captopril
(Capoten, SQ 14225), kindly supplied by Squibb
Laboratories, Brazil; angiotensin I and bradykinin
triacetate, synthesized at the Department of Bio-
physics, Escola Paulista de Medicina, Brazil; angi-
otensin II (Ciba Laboratories, Switzerland); hista-
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Figure 3 Tachyphylaxis to the effect of Bothrops jar-
araca venom (BJV) on the snake's blood pressure.
Female snake (170g); same conditions as in Figure 1.
Responses to angiotensin II (1.5 pg kg'1), histamine
(50ygkg- ) and bradykinin (300ugkg -), at the begin-
ning and at the end of the experiment, were similar.
The hypotension caused by BJV diminished or even

disappeared when the same dose of venom (30mg kg- )
was given repeatedly within a short interval of time.

mine free-base, acetylcholine hydrochloride, bovine
pancreas trypsin (2 x crystallized, type III) and chy-
motrypsin (3 x crystallized, type II), (Sigma Chem.
Co., U.S.A.); atropine sulphate, calcium chloride and
dipotassium phosphate (E. Merck, Germany); mono-
potassium phosphate (J.T. Baker, U.S.A.); sodium
citrate (Ecibra, Brazil).
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Results

Effects ofBJV, BJV kininogenase or trypsin on the
snake blood pressure

As may be seen in Figure 1, BJV caused a fall in the
carotid artery blood pressure of the snake, in doses
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Figure 4 Effect of Bothrops jararaca venom (BJV) and
of a partially purified venom kininogenase (VF) on the
snake carotid artery blood pressure. Female snake
(180 g), was anaesthetized and heparinized and treated
with captopril (0.1 mgkg -), promethazine (4 mgkg 1)
and cimetidine (15mgkg-'). VF is a two-three times
purified kininogenase obtained from BJV by 0.60-0.90
ammonium sulphate saturation. Angiotensin II

(1.5upgkg 1) was used to check the sensitivity of the
preparation. Equipotent effects were produced by BJV
(in mg protein kg-') and a dose of the kininogenase
almost three times smaller.

min 30 34 38 42 46 24 28 32 36 4042 30 38 46 54 62 70 78

Figure 5 Effect of the substance(s) released by incu-
bating either Bothrops jararaca plasma (BJP) with
trypsin (T) or a fraction of BJP containing globulins
(GF) with VF, a two-three times purified Bothrops jar-
araca venom kininogenase, upon the own snake's blood
pressure (a) and isolated uterus (b), the rat uterus (c)
and the pigeon oviduct (d). AI - angiotensin I; ACh -
acetylcholine. The female snake (150g), anaesthetized
and heparinized, used for recording blood pressure, was
treated beforehand with captopril (0.05mgkg-1) and
gave normal responses to angiotensin II (1.5pgkg-').
The released substance(s), dried and diluted in 2ml of
0.9% NaCl, was hypotensive in the snake, contracted
the snake uterus but was inactive on rat uterus and
pigeon oviduct. This last preparations contracted after
addition of the incubate of pigeon plasma (PP) with T.

as high as 10-4Omgkg-'. A dose of l5mgkg'- was
equivalent to 60pgkg-1 of histamine or 100pgkg'-
of acetylcholine in producing a 20mmHg drop in
blood pressure. BJV produced a similar effect in the
rat, with doses of 3-5mgkg- . In the rat, doses of
3-6pgkg-1 of bradykinin produced a hypotensive
effect, whereas this polypeptide showed weak effects
or was even inactive on BJ blood pressure.
The hypotension caused by BJV lasted longer if

the snake was treated beforehand with captopril
(0.05-0.lOmgkg-1), an inhibitor of angiotensin I-
converting enzyme or kininase II, which in such
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doses blocked the angiotensin I pressor response and
allowed bradykinin to produce hypotension in doses
that had previously been inactive (Figure 1).

After the simultaneous administration of prome-
thazine (4mgkg-1) and cimetidine (15mgkg-1) to
BJ, the effect of BJV was reduced. It was not modi-
fied by pretreating the snake with atropine
(2 mg kg 1) (Figure 2).
As in mammals, the hypotension caused by BJV

diminished or even disappeared (Figure 3) when the
same dose of venom was given repeatedly to the
snake within a short period of time.

Figure 4 shows that VF, a fraction of BJV con-
taining a two-three times purified kininogenase, pro-
duced a hypotensive effect in the snake similar to
that obtained with a dose of BJV two-three times
greater. This effect was also potentiated by captopril
(0.05-0.10mgkg-1); it was diminished after the
administration of promethazine (4mgkg-') plus
cimetidine (15mgkg-') and was not modified by
atropine (2mg kg- 1).

Administration of trypsin (4mgkg-') to BJ also
caused hypotension, partially antagonized by prome-
thazine plus cimetidine (4mgkg-' + 15mgkg-1)
and not modified by atropine (2mg kg- l).

Release ofactive substance(s) by incubation ofGF
with VF or BJP with trypsin

Incubation of GF, a fraction of BJP containing
globulins, with VF, under the conditions used by
Hamberg & Rocha e Silva (1957) for the liberation of
kinins, resulted in the release of a substance (or
substances) that caused hypotension in BJ (Figure 5).
This figure also shows that a substance (or
substances) with similar effect was(were) obtained by
incubating BJP with trypsin, under the conditions
used by Diniz & Carvalho (1963) for the determi-
nation of kininogen in various animal species. The
hypotension caused by this(these) substance(s) in BJ
was potentiated by a previous treatment of the snake
with captopril (0.05-O.lOmgkg-1) (Figure 6). The
substance(s) relased was(were) inactive on rat blood
pressure.

This(these) substance(s) contracted BJ uterus
(Figure 5), a preparation that does not respond to
bradykinin in concentrations up to 200-300 ng ml - '.
The released substance(s) was(were) inactive on
pigeon oviduct and rat uterus (Figure 5), but in high
doses caused a weak contraction of the guinea-pig
ileum. While rat uterus and guinea-pig ileum are
known to react to very low doses of bradykinin,
pigeon oviduct is less sensitive but contracts under
the influence of the substance released by incubating
pigeon plasma with trypsin.
The substance(s) released in the incubation of

BJP with trypsin was(were) dialysable, showed ther-
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Figure 6 Effect of captopril upon the hypotension
caused by the substance(s) released in the incubation of
Bothrops jararaca plasma (BJP) with trypsin (T). Male
snake (170g) anaesthetized and heparinized; between (a)
and (b), at 60min, captopril (0.1 mgkg 1) was adminis-
tered. Responses to angiotensin 11 (1.5.ugkg-1) were
constant throughout the experiment. Al - angiotensin I.
The hypotension produced by the released substance(s)
was greater after inhibition of Al-converting enzyme by
captopril.

mostability in acid pH but not in alkaline pH. Fur-
thermore, it(they) was(were) inactivated by
chymotrypsin, BJP or ACE but not by trypsin. The
inactivation by BJP or ACE was inhibited by pre-
vious incubation of BJP or ACE with captopril
(Table 1).

Discussion

In mammals, small doses of venoms extracted from
Bothrops jararaca and other snakes from the same
genus mainly produce haemorrhage and hypo-
tension (Suzuki & Iwanaga, 1970), this last effect
being attributed to the release of histamine and
bradykinin (Feldberg & Kellaway, 1937a,b; Rocha e
Silva et al., 1949) by the venoms.

In the Bothrops jararaca itself, BJV also caused
hypotension. The decrease or even disappearance of
this hypotensive effect after repeated administration
of venom to the snake does not seem to be due to
tachyphylaxis at receptor level since, after the disap-
pearance of the effect, the preparation reacts to stan-
dard doses of acetylcholine, histamine or bradykinin
in the same degree as before the first dose of venom.
This fact suggests that, as in mammals, the venom is
acting indirectly, releasing hypotensive substances
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Table 1 Properties of the substance(s) released by incubating Bothrops jararaca plasma (BJP) with trypsin and
those of bradykinin

Temperature
(0C)Procedure

Released
pH Time substance(s) Bradykinin

Dialysis against
0.9% NaCI

Heating

4

98

Incubation with:
Chymotrypsin (37 pg ml -)
Trypsin (10 yg ml-)
BJP (1:25)
ACE*
BJP (1:25) + Captf (170pgmlP1)
ACE + Capt (13.5pgml-1)

37
37
37
37
37
37

6.5 24h dial.

1.5-2.0 30-60min stable

10.0-11.0 5-10min unst.

6.5 5 min
6.5 60min
7.4 15 min
7.4 15 min
7.4 15min
7.4 15min

inact.
resist.
inact.
inact.
resist.
resist.

dial.

stable

unst.

inact.
resist.
inact.
inact.
resist.
resist.

dial. - dialysable; unst. - unstable; inact. - inactivated; resist. - resistant.
*ACE - a purified kininase II, hydrolysing 83.3 yg bradykinin min'1 ml 1, obtained from BJP.
tCapt - captopril (Capoten. SQ 14225).

and exhausing plasma substrates. Acetylcholine is
not involved in this effect since it is not affected by
atropine. As the duration of the hypotension
decreased after the simultaneous administration of
promethazine and cimetidine, H1 and H2 receptor
blockers respectively, the release of histamine has to
be considered. However, as these blockers antago-
nized the effect of the venom only partially, the
simultaneous release of some other hypotensive
substance(s) besides histamine is suggested. Taking
into account the high kininase and antikininogenase
activities detected in BJP (Lavras et al., 1979) and
the high doses of BJV necessary to produce hypo-
tension in BJ, a kinin-like substance may be sup-
posed to be released. It is noteworthy that high
doses of bradykinin were also necessary to produce
hypotension in BJ, an effect that was only achieved if
the snake had previously been treated with captopril,
a powerful kininase II inhibitor. The prolongation of
the effect of the venom on the snake by captopril
also indicates the release of a kinin-like substance.

This hypothesis is reinforced by the data showing
that doses of VF two-three times smaller than those
of BJV, produced similar hypotensive effects in BJ.
VF contained a two-three times purified kinino-
genase, assayed on the rat blood pressure. In addi-
tion trypsin, a known kininogenase (Prado, 1970),
caused effects in BJ, similar to those produced by
BJV.

In order to confirm such a hypothesis, some in
vitro experiments were conducted which showed that
incubates of BJP or one of its fractions containing
globulins, with trypsin or VF, respectively, contained
a substance (or substances) that was(were) practically
inactive on rat blood pressure and uterus, on pigeon
oviduct and on guinea-pig ileum but that was(were)

hypotensive in BJ and caused contraction of BJ
uterus. Like kinins (Prado, 1970), this(these)
substance(s) was(were) dialysable, thermostable at
acid but not at alkaline pH, inactivated by chy-
motrypsin and BJ kininases but not by trypsin. Like
bradykinin, the inactivation of this(these) released
substance(s) by BJ kininases was inhibited by the
kininase II inhibitor captopril.

All these findings strongly suggest that, as in birds
(Seki et al., 1973), a kinin-like substance (or sub-
stances) is(are) released in BJ by its own venom
kininogenase or trypsin, a fact indicative of the pre-
sence of kininogen in the snake plasma. Further-
more, the data here presented seem to indicate that
BJ has actually developed its own kallikrein-kinin
system, inactive in mammals and birds and therefore,
not revealed in pharmacological preparations suit-
able for the assay of mammalian kinins, as those
used by Lavras et al. (1979).
The purification and characterization of the re-

leased substance(s), attempts to activate the intrinsic
kallikrein-kinin system in Bothrops jararaca plasma
and the extension of these studies to other snake
species must be carried out, in order to conclude if
snakes, in general, possess a specific kallikrein-kinin
system.
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